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(54) Ball screw 

(57) A ball screw comprises a screw shaft formed 
on an outer peripheral surface thereof with a spiral ball 
rolling groove, a nut member having an inner peripheral 
surface on which a spiral loaded ball rolling groove cor- 
responding to the spiral ball rolling groove of the screw 
shaft is formed, both the spiral grooves constituting a 
loaded ball rolling passage in combination thereof when 
the screw shaft is fitted to the nut member, a number of 
balls rolling in the loaded ball rolling passage, and a re- 



turn pipe having one end connected to one end of the 
loaded ball rolling passage and another end connected 
to another end of the loaded ball rolling passage so as 
to scoop the balls rolling in the loaded ball rolling pas- 
sage at the one end of the return pipe and return the 
balls to the loaded ball rolling passage at the other one 
end of the return pipe. Cutouts, each having a width 
gradually reduced, are formed to both end portions of 
the return pipe so that the width of the cutout is gradually 
reduced towards the inside of the return pipe. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a ball screw 
particularly having a structure capable of circulating 
balls rolling in a loaded rolling passage formed between 
a screw shaft and a nut member by a return pipe fitted 
to the nut member. 

[0002] One known example of such a ball screw is 
composed of a screw shaft to which a ball rolling groove 
is formed and a nut member to which a loaded ball rolling 
groove corresponding to the ball rolling groove formed 
to the screw shaft. These ball rolling groove and loaded 
ball rolling groove constitute, in combination, a loaded 
ball rolling passage in which balls are rolled. One and 
other ends of the loaded ball rolling passage are con- 
nected by a return pipe fitted to the nut member in a 
manner such that the ball rolling in the loaded ball rolling 
passage is scooped at the one end thereof by the return 
pipe and returned to the loaded ball rolling passage at 
the other end thereof. The ball screw having the above 
structure is shown, for example, in Japanese Utility 
Model Laid-open (KOKAI) Publication No. HEI 6-69502. 
[0003] FIG. 9 shows one known example of the return 
pipe 1 having both opened ends, to which a pair of 
tongue pieces 2a, 2b are formed to be finable into the 
loaded ball rolling passage. The balls, which have rolled 
in the loaded ball rolling passage formed to the periph- 
ery of the screw shaft, collide with the tongue pieces 2a, 
2b and then are scooped thereby so as to be introduced 
into the return pipe 1. The balls thereafter circulate 
through the return pipe 1 and then again return to the 
loaded ball rolling passage. Notches or cutouts 3 are 
also formed near the tongue pieces 2a, 2b at both the 
opened ends of the return pipe 1 for preventing the balls 
from interfering with the ball rolling groove formed to the 
screw shaft. 

[0004] However, in recent years, it has been required 
to carry out a high feed operation of a machine tool or 
the like mechanism, and hence, to render the ball screw 
rotate at a high rotating speed. In a case where the ball 
screw is used with an increased D/N value (which is a 
value obtained by multiplying a rotating number per one 
minute of the screw shaft by a rotating diameter of the 
ball), there are fears such that stress concentration will 
be liable to occur on root portions of the tongue pieces 
2a, 2b due to repealed collision of the balls, which re- 
sults in metal fatigue at these root portions, which are 
hence damaged. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to sub- 
stantially eliminate defects or drawbacks encountered 
in the prior art mentioned above and to provide a ball 
screw capable of effectively scooping the balls without 
forming any specific ball scooping means such as 



tongue pieces to a return pipe. 

[0006] This and other objects can be achieved ac- 
cording to the present invention by providing a ball 
screw comprising: 

5 

a screw shaft formed, on an outer peripheral sur- 
face thereof, with a spiral ball rolling groove; 
a nut member having an inner peripheral surface on 
which a spiral loaded ball rolling groove code- 
's sponding to the spiral ball rolling groove of the 
. screw shaft is formed, both the spiral grooves con- 
stituting a loaded ball rolling passage in combina- 
tion when the screw shaft is fitted to the nut mem- 
ber; 

is a number of balls rolling in the loaded ball rolling 
passage; and 

at least one return pipe having one end connected 
to one end of the loaded ball rolling passage and 
another end connected to anotherend of the loaded 

20 ball rolling passage so as to scoop the balls rolling 
in the loaded ball rolling passage at the one end of 
the return pipe and return the balls to the loaded 
ball rolling passage at the another one end of the 
return pipe, the return pipe having both end portions 

25 to which cutouts, each having a width gradually re- 
duced, are formed. 

[0007] In a preferred embodiment, the return pipe is 
disposed so that both the end portions thereof accord 

30 with a lead angle of the screw shaft. The return pipe is 
disposed so that both the end portions thereof are di- 
rected to a direction tangential to a track of the balls. 
[0008] The width of the cutout is gradually reduced 
from the end portion of the return pipe towards the inside 

35 thereof. 

[0009] The return pipe is formed with a pair of guide 
grooves to the inner surface so as to extend entire axial 
direction thereof. 

[001 0] According to the present invention of the char- 

40 acters mentioned above, since the cutouts are formed 
to both the ends of the return pipe so that the width of 
each cutout is gradually reduced, the balls rolling in the 
loaded ball rolling passage can be guided by both the 
sides of the cutout. And the balls guided by both the 

45 sides of the cutout are gradually led into the inside of 
the return pipe. According to this structure, the balls can 
be scooped smoothly without forming any specific por- 
tion for scooping the balls such as tongue pieces as in 
the conventional structure. 

50 [0011] According to the preferred embodiment of the 
present invention, since both the ends of the return pipe 
are arranged so as to accord with the lead angle of the 
screw shaft, the balls can be scooped with the lead an- 
gle direction, i.e. ball advancing direction being main- 

55 tained. It is therefore possible to prevent the strong im- 
pact from being applied to the return pipe when the balls 
are led into the return pipe. The maintenance of the ball 
advancing direction permits to carry out the smooth 
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scoop of the balls without the balls to be displaced to 
one side of the cutout, and the balls are smoothly 
scooped in a balanced condition. 
[0012] Furthermore, since the balls can be scooped 
by the return pipe in the tangential direction, the balls 
can be smoothly scooped, thus also reducing the colli- 
sion impact force to the return pipe. 
[001 3] The nature and further characteristic features 
of the present invention will be made more clear from 
the following descriptions made with reference to the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] In the accompanying drawings: 

FIG. 1 is a perspective view of a ball screw accord- 
ing to one embodiment of the present invention; 
FIG. 2 is a perspective view of a nut member con- 
stituting the ball screw of FIG. 1; 
FIG. 3 is a perspective view of one example of a 
return pipe of the ball screw of FIG. 1; 
FIG. 4 is a view showing a ball scooping operation 
by the return pipe; 

FIG. 5 includes several views showing variation of 

cross sectional area of the return pipe; 

FIG. 6 is a side view, in an enlarged scale, of the 

return pipe and the screw shaft in assembly; 

FIG. 7 is a sectional view of the return pipe and the 

screw shaft in assembly; 

FIG. 8 is a perspective view of another example of 
the return pipe according to the present invention; 
and 

FIG. 9 is a perspective view of a return pipe having 
a conventional structure. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 5] FIGS. 1 and 2 show one preferred embodiment 
of a ball screw 5 according to the present invention. The 
ball screw 5 is generally composed of a screw shaft 6 
having an outer peripheral surface to which a spiral ball 
rolling groove 6a is formed, a nut member 7 having an 
inner peripheral surface to which a spiral loaded ball roll- 
ing groove 7a corresponding in arrangement to the ball 
rolling groove 6a of the screw shaft 6, and a number of 
balls 8,—, 8 rolling in a loaded ball rolling passage con- 
stituted in combination by the ball rolling groove 6a and 
7a. Two return pipes 9, 9 are fitted to the nut member 7, 
and the return pipes 9, 9 are arranged so as to connect 
one and the other ends of the loaded ball rolling passage 
thereby to constitute a non-loaded return passage. Both 
end portions of each of the return pipo 9 are bent and 
fitted in the loaded ball rolling passage with an interval 
of several pitches. The return pipes 9, 9 are secured to 
the nut member 7 by means of pipe holder 10. 
[001 6] The ball rolling groove 6a is formed to the outer 
peripheral surface of the screw shaft 6 by a grinding 



working or rolling working so as to provide substantially 
a semi-circular cross section in a continuous spiral 
shape having a constant lead. 

[0017] The nut member 7 has substantially a cylindri- 
s cal shape having an inner hollow portion and is provid- 
ed, at its one end face, with a flange 11 for mounting the 
ball screw to a machine or like. The loaded ball rolling 
groove 7a formed to the inner surface of the nut member 
7, the loaded ball rolling groove 7a having substantially 
a semi-circular cross section corresponding to the ball 
rolling groove 6a of the screw shaft 6 when the screw 
shaft 6 is fitted to the nut member 7. The nut member 7 
formed with an upper flat portion 12, as viewed in FIG. 
1 or 2, to which four return pipe fitting holes 1 3, 1 3, 1 3, 
13 are formed so as to extend towards the loaded ball 
rolling groove 7a formed to the inner surface of the nut 
member 7. Both the end portions of the respective return 
pipes 9, 9 are inserted through these return pipe fitting 
holes 13. 13, 13, 13. 

[0018] FIGS. 3 to 5 show the details of the return pipe 
9. First, as shown in FIG. 3, the return pipe 9 has a cir- 
cular cross section and both the end portions of the re- 
turn pipe 9 are bent. That is, the return pipe 9 is com- 
posed of a pair of bent leg portions 9a, 9b and a central 
horizontal portion 9c connecting both the log portions so 
as to provide approximately a Z] -shape in the entire 
length. The cross sectional shape of the return pipe 9 is 
not limited to the circular shape and other shapes such 
as triangular, rectangular or other non-circular cross 
sectional shape as far as the cross section has an area 
or size capable of passing the balls and storing a lubri- 
cating material or agent. Both the end portions of the leg 
portions 9a, 9b are formed with cutout portions (cutouts 
hereinlater) 15, respectively, so that each cutout pro- 
vides an arch shape having a horizontal width gradually 
reduced towards the inside of the return pipe 9. 
[0019] As shown in FIG. 4, the leg portion 9a (9b) is 
disposed in a direction tangential to the track center line 
S of the balls B, — , 8 and the front end of the leg portion 
9a (9b) extends to a position of the horizontal plane L of 
the axis of the screw shaft 6. The cutouts 15 of the leg 
portions 9a, 9b are formed to be positioned slightly in- 
side the track center line S of the balls 8,—, 8. The distal 
(front) end of the cutout 15 is positioned slightly inside, 
by an amount of h, the center line D of the leg portion 
9a (9b). 

[0020] FIG. 5 includes several views showingthe var- 
iation of the cross sectional shape of the leg portion 9a 
(9b), in which the cross sectional shape of the leg portion 
9a (9b) is represented by the numeral a 0" at its front end 
portion and the cross sectional shape thereof changes 
so as to be represented by the numerals "1 n to n 9 n re- 
spectively towards the upper portion of the leg portion, 
i.e. towards the horizontal portion 9c of the return pipe 
9 from the opened end thereof. That is, at the °0 K portion, 
the sectional shape has a semi-circular shape having 
both side ends slightly projecting over the center line D 
of the return pipe 9 by the amount of h. This sectional 
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shape approaches circular sectional shape towards the 
upper portion of the leg portion 9a (9b) and the width W 
(i.e. width of the cut opening of the leg portion in cross 
section) between both the cut side ends of the cutout 15 
is gradually reduced. 5 
[0021] With reference to FIG. 4, the balls 8, — ( 8 are 
rolled on the outer peripheral surface of the screw shaft 
6, then rolled at the upper portion over the horizontal 
plane L of the axis of the screw shaft 6 and then rolled 
into the inside of the leg portions 9a, 9b. As shown in 10 
FIG. 5, the width W between both the side ends of the 
cutout 1 5 is larger than the diameter of the ball 8 at the 
cross sectional positions "O" to "4", and accordingly, the 
balls 8, — , 8 roll on the outer periphery of the screw 
shaft 6 without being guided by both the side ends of is 
the cutout 1 5. As the ball 8 rolls towards the position M 4 M 
from the position "0", a gap 20 between the inner pe- 
ripheral surface of the leg portion 9a (9b) and the back 
surface (inside surface) of the ball 8 is gradually in- 
creased. When the ball 8 further rolls and reaches the zo 
position "5", the ball 8 starts to be guided by both the 
ends of the cutout 1 5, and since the width W is gradually 
reduced towards the upper portion of the return pipe 9 
(that is, from the opened front end to the horizontal por- 
tion 9c side (inside) of the leg portion of the return pipe 2S 
9), the balls 8, — , 8 are rolled into the return pipe 9 while 
being guided by both the side ends of the cutout 1 5 from 
the sectional shape position u 6 n to the sectional shape 
position u 1 0 n . According to the structure of the cutout 1 5 
having cut side ends of the width W which is gradually so 
reduced towards the upper portion of the leg portion 9a 
(9b) of the return pipe 9, the balls 8, — , 8 can be scooped 
by both the side ends of the cutout 15 without forming 
any tongue piece to the leg portion as in the convention- 
al structure shown in FIG. 9. Therefore, the ball screw 35 
5 can be rotated at a high speed with an increased D/N 
value. 

[0022] Furthermore, according to the present embod- 
iment, since the leg portions 9a, 9b are arranged in the 
direction tangential to the track center line S of the balls 40 
8, — , 8, the balls can be smoothly and effectively 
scooped along the motion direction thereof by the leg 
portions 9a (9b). Thus, the balls 8, — , 8 can be scooped 
without being abruptly changed in the rolling direction, 
so that the impact force caused at the ball scooping time 45 
by the leg portions 9a, 9b of the return pipe 9 can be 
effectively reduced. 

[0023] FIG. 6 shows the relative arrangement of the 
screw shaft 6 and the return pipe 9, in which the leg por- 
tions 9a, 9b of the return pipe 9 are inclined so as to so 
accord with the lead angle of the screw shaft 6. Accord- 
ing to this arrangement, the balls 8, — , 8 are scooped 
by the leg portions 9a, 9b with the lead angle direction, 
i.e. ball advancing direction, of the screw shaft 6 being 
maintained. Accordingly, it is not necessary for the balls ss 
to be changed in their rolling direction in the leg portions 
9a, 9b, thus preventing the strong collision impact force 
from being applied Furthermore, since the balls B, 



8 can be scooped by the leg portions 9a, 9b with the ball 
advancing direction being maintained, the balls are nev- 
er displaced to one side of the cutout 15 and hence can 
be scooped in a good balanced condition. 
[0024] As shown in FIGS. 6 and 7, when the screw 
shaft 6 is rotated, the balls 8, — , 8 rolling in the ball roll- 
ing groove 6a of the screw shaft 6 in the peripheral di- 
rection thereof with the axial load being applied can be 
scooped by the front end portion of the leg portion 9a, 
and the balls thus scooped circulate through the return 
pipe 9. Thereafter, the balls 8, — , 8 are returned again 
to the ball rolling groove 6a from the leg portion 9b dis- 
posed apart from the leg portion 9a by several pitches 
and then circulate through the ball rolling groove 6a. 
[0025] FIG . 8 shows a perspective view of another ex- 
ample of the return pipe 21 according to the present in- 
vention. With reference to FIG. 8, the return pipe 21 has 
leg portions 21a, 21b which are formed with cutouts 15 
as in the return pipe 9 of the former example. This cutout 
15 has a horizontal width which is gradually reduced to- 
wards the inside of the return pipe 9. A pair of guide 
grooves 22a, 22b are formed to the inner surface of the 
return pipe 9 so as to extend in the entire axial direction 
thereof. In a certain arrangement, the balls 8, — , 8 may 
be supported by a belt-shaped retainer with a predeter- 
mined distance to be rotatable and slidable for prevent- 
ing mutual friction of the balls. In such arrangement, 
both side edges of the retainer may be guided by form- 
ing the above-mentioned paired guide grooves 22a, 
22b. In a case where the balls 8, — , 8 are supported by 
means of the retainer, the retainer can act so as to pull 
up the balls in addition to the ball scooping operation of 
the cutout 15. 

[0026] As mentioned hereinabove, according to the 
present invention, since the cutouts are formed to both 
the end portions of the return pipe in a manner such that 
the width of the opening of both the side ends of the 
cutout is gradually reduced towards the inside of the re- 
turn pipe, the balls rolling in the loaded ball rolling pas- 
sage can be guided into the return pipe while being guid- 
ed by both the side ends of the cutout 15 having the 
reduced width. Accordingly, the balls can be smoothly 
scooped without forming any specific ball scooping 
means such as tongue piece as in the conventional 
structure, and hence, the ball screw can be used with 
the increased D/N value. 

[0027] It is to be noted that the present invention is 
not limited to the described embodiment and other 
changes or modifications may be made without depart- 
ing from the scopes of the appended claims. 



Claims 

1. A ball screw comprising: 

a screw shaft formed, on an outer peripheral 
surface thereof, with a spiral ball rolling groove; 
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a nut member having an inner peripheral sur- 
face on which a spiral loaded ball rolling groove 
corresponding to said spiral ball rolling groove 
of the screw shaft is formed, said both spiral 
grooves constituting a loaded ball rolling pas- $ 
sage in combination when said screw shaft is 
fitted to said nut member; 
a number ol balls rolling in the loaded ball roll- 
ing passage; and 

at least one return pipe having one end con- 10 
nected to one end of the loaded ball rolling pas- 
sage and another end connected to another 
end of the loaded ball rolling passage so as to 
scoop the balls rolling in the loaded ball rolling 
passage at the one end of the return pipe and is 
return the balls to the loaded ball rolling pas- 
sage at the another one end of the return pipe, 
said return pipe having both opened end por- 
tions to which cutouts, each having a width 
gradually reduced, are formed. 20 

2. A ball screw according to claim 1 , wherein said re- 
turn pipe is disposed so that both the end portions 
thereof accord with a lead angle of the screw shaft. 

25 

3. A ball screw according to claim 1 , wherein said re- 
turn pipe is disposed so that both the opened end 
portions thereof are directed to a direction tangen- 
tial to a track of the balls. 

30 

4. A ball screw according to claim 1, wherein said 
width of the cutout is gradually reduced from the end 
portion of the return pipe towards the inside thereof. 

5. A ball screw according to claim 1 , wherein said re- 35 
turn pipe is formed, at an inner surface thereof, with 

a pair of guide grooves so as to extend entire axial 
direction thereof. 
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FIG. 2 
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FIG. 4 
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(54) Ball screw 

(57) A ball screw comprises a screw shaft (6) formed 
on an outer peripheral surface thereof with a spiral ball 
rolling groove (6a), a nut member (5) having an inner 
peripheral surface on which a spiral loaded ball rolling 
groove corresponding to the spiral ball rolling groove of 
the screw shaft is formed, both the spiral grooves con- 
stituting a loaded ball rolling passage in combination 
thereof when the screw shaft is fitted to the nut member, 
a number of balls (8) rolling in the loaded ball rolling pas- 
sage, and a return pipe (9) having one end (9a) connect- 
ed to one end of the loaded ball rolling passage and an- 
other end (9b) connected to another end of the loaded 
ball rolling passage so as to scoop the balls rolling in 
the loaded ball rolling passage al the one end of the re- 
turn pipe and return the balls to the loaded ball rolling 
passage at the other one end of the return pipe. Cutouts 
(15), each having a width gradually reduced, are formed 
to both end portions of the return pipe so that the width 
of the cutout is gradually reduced towards the inside of 
the return pipe. 
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(54) Circulation member for ball screw device 

(57) A circulation member (12) of a ball screw for 
circulating a ball rolling on a spiral ball rolling groove 
formed on a screw shaft comprises a central portion and 
a pair of leg portions disposed at both ends of the central 
portion so as to extend therefrom and so that free ends 
of the leg portions are disposed in the spiral ball rolling 
groove at different positions to thereby form a ball cir- 
culation passage. The leg portions have inner peripher- 
ies having center lines (21 ) inclined in directions differ- 
ent from each other with respect to a center line of an 
inner periphery of the central portion. The circulation 
member is divided into two parts by first and second di- 
vision surfaces, the firstdivision surface lying on a plane 
including a center line of the inner periphery of one of 
the leg portions and the center line of the inner periphery 
of the central portion and the second division surface, 
different from the first division surface, lying on a plane 
including a center line of the inner periphery of the other 
one of the leg portions and the center line of the inner 
periphery of the central portion. 



FIG. 4(A) 
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Description 

[0001] The present invention relates to a circulation 
member or part for circulating balls of a ball screw and 
also relates to a ball screw using the circulation member. 
[0002] A ball screw generally comprises a screw shaft 
having an outer peripheral surface on which a ball rolling 
groove having a spiral or helical shape is formed, a nut 
member having an inner peripheral surface on which a 
ball rolling groove having a spiral or helical shape is 
formed, and a number of balls disposed between a load- 
ed' Ball" rolling passage formed by the ball rolling grooves 
of the screw shaft and nut member. In this structure, 
when the screw shaft is rotated relatively to the nut 
member, the balls roll in the loaded rolling passage 
formed by the screw shaft and the nut member. 
[0003] FIG. 9 shows one example of a nut member, 
to which a return pipe 3 as a circulation member is 
mounted so as lo connect one and the other end por- 
tions of a loaded rolling passage 2. The return pipe 3 
has a portal shape having a leg portion of which end 
portions are provided with scooping portions for scoop- 
ing the balls. The return pipe 3 acts to scoop, at its one 
end. the balls rolling on the loaded rolling passage 2, to 
guide them inside the return pipe 3 and then to return 
them to the loaded rolling passage from the other end 
thereof. According to such action , the balls rolling on the 
loaded rolling passage 2 circulate, in the endless man- 
ner, in the circulation passage composed of the loaded 
rolling passage 2 and the return pipe 3. 
[0004] Recently, in order to ensure the smooth circu- 
lation of the balls, that is, to smoothly guide the balls 
rolling on the loaded rolling passage 2 into the return 
pipe 3 and smoothly return the balls moving in the return 
pipe 3 to the loaded rolling passage 2, there has been 
adopted a structure for scooping the balls to the loaded 
rolling passage 2 from a direction tangential thereto. In 
such structure, a pair of leg portions 3b, 3b disposed at 
both sides of the central portion of the return pipe 3 are 
tilted (inclined) by a predetermined angle each in differ- 
ent direction with respect to the central portion 3a so as 
to correspond to a lead angle of the screw shaft. 
[0005] According to a known method of such return 
pipe 3, an iron tube is bent so as to provide a portal 
shape and a scooping portion is then machine-worked. 
In this known method, however, much manufacturing 
cost is involved and it is difficult to bend the tube with 
predetermined dimensional performance, providing a 
problem. Especially, when it is required to incline the leg 
portions 3b, 3b of the return pipe 3 in the directions dif- 
ferent from each other in accordance with the lead angle 
of the screw shaft, it is necessary to bend the tube three- 
dimensionally, which results in further difficulty in work- 
ing. 

[0006] FIG. 1 0 shows another example of a conven- 
tional return pipe 4. With reference to FIG. 10, the return 
pipe 4 is divided into two parts 4a, 4a in a plane including 
an axial line of the pipe. These two parts 4a, 4a are pro- 



2 

duced by press-working a metal plate member by using 
a mold so as to provide a semi-circular cross section. 
[0007] In such return pipe manufacturing method 
through the press-working, in a case where the leg por- 

5 tions 5, 5 of the return pipe 4 are bent in one plane, i.e., 
where the leg portions 5, 5 are not inclined in corre- 
spondence to the lead angle of the screw shaft/joining 
(or joined) surfaces 6, 6 of the respective divided parts 
4a, 4a are positioned in the same one plane, so that the 

10 respective divided two parts 4a, 4a can be easily man- 
ufactured. However, on the other hand, in a case where 
the leg portions 5, 5 are inclined in different directions 
from each other in accordance with the lead angle of the 
screw shaft, the joining surfaces 6, 6 of the respective 

is divided parts 4a, 4a are not positioned in the same one 
plane and provide such a shape as like as twisted. 
Therefore, it is extremely difficult to manufacture the re- 
turn pipe 4 by the press-working of the metal plate mem- 
ber. 

20 [0008] The object of the present invention is to provide 
a circulation member of a ball screw capable of being 
easily manufactured even if a pair of leg portions pro- 
vided at both end portions of a central portion of the cir- 
culation member are inclined at predetermined angles 

25 from each other with respect to the central portion there- 
of so as to correspond to the lead angle of a screw shaft. 
[0009] Another object of the present invention is to 
provide a screw shaft provided with the circulation mem- 
ber of the character mentioned above. 

30 [0010] These and other objects can be achieved, ac- 
cording to the present invention, by providing, in one as- 
pect, a circulation member of a ball screw for circulating 
a ball rolling on a spiral ball rolling groove formed on a 
screw shaft comprising: 

35 

a central portion; and 

a pair of leg portions disposed at both ends of the 
central portion so as to extend therefrom, 

40 wherein the leg portions have inner peripheries 

having center lines inclined in directions different from 
each other with respect to a center line of an inner pe- 
riphery of the central portion and the circulation member 
is divided into two parts by first and second division sur- 

45 faces, the first division surface lying on a plane including 
a center line of the inner periphery of one of the leg por- 
tions and the center line of the inner periphery of the 
central portion and the second division surface being dif- 
ferent from the first division surface and lying on a plane 

50 including a center line of the inner periphery of the other 
one of the leg portions and the center line of the inner 
periphery of the central portion. 

[001 1 ] When the circulation member of the ball screw 
is molded by using a mold, a mold product is generally 
55 formed by using a pair of mold halves to be opened in 
opposing directions. Therefore, in a case where the join- 
ing surfaces of the divided parts of the circulation mem- 
ber have twisted surfaces, it is difficult to mold the divid- 
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ed parts. According to the present invention mentioned 
above, however, since the circulation member is divided 
by the first and second division surfaces, the joining sur- 
faces of the divided parts are not twisted. Thus, the re- 
spective divided parts of the circulation member can be 
formed through the molding process. In addition, ac- 
cording to such molding process, the circulation mem- 
ber can be formed from resin as well as metal. The cir- 
culation member can be thus manufactured at high per- 
formance and low cost, being advantageous. 
[0012] In the above aspect, it is preferred that the 
center lines of the inner peripheries of the paired leg por- 
tions are inclined with respect to the center line of the 
inner periphery of the central portion of the circulation 
member so as to correspond to a lead angle of the screw 
shaft. 

[001 3] It is also preferred that the leg portions are dis- 
posed so that the center lines of the inner peripheries 
thereof are each positioned in a tangential direction of 
the spiral ball rolling groove. 

[0014] It is further preferred that the divided two parts 
have joining surfaces on which a staged portion having 
difference in level is formed by the first and second di- 
vision surfaces. 

[0015] According to these preferred embodiments, 
the circulation member can be easily manufactured. The 
staged portion may be utilized as positioning member. 
[001 6] It is further preferred that the divided parts are 
molded products of resin. 

[0017] In the circulation member, the balls mainly 
slide but slightly roll. Because of this reason, when the 
ball is circulated at high speed, a large load is applied 
to a direction changing passage of the circulation mem- 
ber, resulting in generation of wearing or dust. According 
to this preferred embodiment, since the circulation 
member is formed as a mold product of resin, thus pre- 
venting dust or like from generating. In a further pre- 
ferred embodiment, a free end portions of the paired leg 
portions are formed with scooping portions respectively 
which scope balls rolling on a periphery of the screw 
shaft by contacting the balls, the scooping portions are 
molded integrally with the divided parts respectively, 
and each of the scooping portions is not divided by either 
one of the first and second division surfaces. 
[0018] Concerning this embodiment, the ball contacts 
with the scooping portion and then is scooped thereby 
from the loaded rolling passage into the circulation 
member, and for this purpose, it is required for the 
scooping portion to have a certain strength . In addition, 
when the ball is smoothly scooped, it is also required to 
have a high dimensional performance. In a case where 
such scooping portion is formed by divided portions, 
there may cause a force on the scooping portions to be 
opened by the contact of the balls, and in addition, there 
may cause a difference in level at the division (divided) 
surfaces. According to this embodiment, the scooping 
portions are formed integrally with the divided parts re- 
spectively, and not divided, so that the scooping portions 



can maintain the strength and high dimensional preci- 
sion. These scooping portions can be also utilized for 
positioning at a time of assembling the divided parts. 
[0019] It is further preferred that the circulation mem- 
5 ber is divided into two parts only by the first and second 
division surfaces. 

[0020] According to this embodiment, the division sur- 
faces having simple shapes can be provided, thus easily 
manufacturing the circulation member. 

10 [0021] It is further preferred that each of the divided 
parts is formed integrally with a mount seat for mounting 
the circulation member to a nut member of a ball screw. . 
[0022] According to this embodiment, since the mount 
seat for mounting the circulation member to the nut 

*5 member is integrally formed with each of the divided 
parts, the number of parts can be reduced, resulting in 
cost reduction and the rotation of the circulation member 
can be also prevented. In addition, the mounting angle 
of the circulation member with respect to the nut mem- 

20 ber becomes easily adjustable and the scooping portion 
can be suitable positioned. 

[0023] The objects of the present invention can be al- 
so achieved by providing, in another aspect, a circula- 
tion member of a ball screw for circulating a ball rolling 
25 on a spiral ball rolling groove formed on a screw shaft 
comprising: 

a central portion; and 

a pair of leg portions disposed at both ends of the 
30 central portion so as to extend therefrom, the leg 
portions having inner peripheries having center 
lines inclined in directions different from each other 
with respect to a center tine of an inner periphery of 
the central portion, 

35 

wherein the leg portions have outer peripheries 
having center lines being parallel to each other and have 
thicknesses , different in circumferential directions 
thereof, at cross sections in directions normal to center 
40 lines of the outer peripheries of the respective leg por- 
tions. 

[0024] In this aspect, in the case where a pair of leg 
portions is inclined in directions different from each other 
with respect to the central portion of the circulation mem- 

45 ber, a fitting hole formed on the nut member for fitting 
the circulation member provides a slot shape on a plane. 
This is not avoided in its structure because a tube having 
a circular section is inserted, in an oblique attitude, into 
the nut member. Such slot is worked and formed by hor- 

50 izontally sliding a blade having a circular section, for ex- 
ample. However, in such working method, there is a fear 
of the blade being inclined because of resistance at the 
time of horizontally moving. This defect will results in 
deterioration of working accuracy. 

55 [0025] According to the present invention of the de- 
scribed aspect, however, the leg portion is formed so as 
to have a thickness different in circumferential direction 
at the section in the direction normal to the center line 
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of the outer periphery of the leg portion. Thus, the leg 
portion can be formed so as to provide substantially cir- 
cular outer shape in section, whereby the hole of the nut 
member can be formed so as to also provide substan- 
tially the circular shape in section in conformity with the 
outer shape of the circulation member. Therefore, the 
fitting hole can be easily formed on the nut member with 
high accuracy. 

[0026] In a preferred embodiment of this aspect, the 
center lines of the inner peripheries of the paired leg por- 
tions are inclined with respect to the center line of the 
inner periphery of the central portion of the circulation 
member so as to correspond to a lead angle of the screw 
shaft. 

[0027] The leg portions are disposed so that the cent- 
er lines of the inner peripheries thereof are each posi- 
tioned in a tangential direction of the spiral ball rolling 
groove. 

[0028] In a further aspect of the present invention, 
there is also provided a ball screw comprising: 

a screw shaft on which a spiral ball rolling groove is 
formed; 

a nut member having a spiral loaded rolling groove 
corresponding to the spiral ball rolling groove 
formed on the screw shaft; 

a number of balls rolling along a passage formed 

by the spiral ball rolling groove of the screw shaft 

and the spiral loaded rolling groove; and 

a circulation member formed for the screw shaft for 

circulating a ball rolling on the spiral ball rolling 

groove formed on the screw shaft, 

the circulation member comprising: 

a central portion; and 

a pair of leg portions disposed at both ends of 
the central portion so as to extend therefrom, 

wherein the leg portions have inner peripheries 
having center lines inclined in directions different from 
each other with respect to a center line of an inner pe- 
riphery of the central portion, and the circulation mem- 
ber is divided into two parts by first and second division 
surfaces, the first division surface lying on a plane in- 
cluding a center line of the inner periphery of one of the 
leg portions and the center line of the inner periphery of 
the central portion and the second division surface being 
different from the first division surface and lying on a 
plane including a center line of the inner periphery of the 
other one of the leg portions and the center line of the 
inner periphery of the central portion. 
[0029] In a still further aspect of the present invention, 
there is also provided a ball screw comprising: 

a screw shaft to which a spiral ball rolling groove is 
formed; 

a nut member having a spiral loaded rolling groove 
corresponding to the spiral ball rolling groove 



formed on the screw shaft; 
a number of balls rolling along a passage formed 
by the spiral ball rolling groove of the screw shaft 
and the spiral loaded rolling groove; and 
5 a circulation member formed for the screw shaft for 
circulating a ball rolling on the spiral ball rolling 
groove formed on the screw shaft, 
the circulation member comprising: 

10 a central portion; and 

a pair of leg portions disposed at both ends of 
the central portion so as to extend therefrom, 
the leg portions having innerperipheries having 
center lines inclined in directions different from 

15 each other with respect to a center line of an 

inner periphery of the central portion, 

wherein the leg portions have outer peripheries 
having center lines being parallel to each other and have 
20 thicknesses , different in circumferential directions 
thereof . at cross sections in directions normal to center 
lines of the outer peripheries of the respective leg por- 
tions. 

[0030] The nature and further characteristic features 
25 of the present invention will be made more clear from 
the following descriptions made with reference to the ac- 
companying drawings. 
[0031] In the accompanying drawings: 

FIG. 1 is a perspective view of a ball screw assem- 
bled with a return pipe according to one embodi- 
ment of the present invention; 
FIG. 2, including FIGs. 2Ato2D, shows relationship 
between a non-loaded return passage formed on 
an inner peripheral surface of the return pipe and a 
spiral loaded rolling passage, in which FIG. 2A 
shows a state of the screw shaft viewed from its ax- 
ial direction, FIG. 2B is a plan view of the screw shaft 
from an upper side thereof, FIG. 2C shows a twisted 
state of a non-loaded return passage and FIG. 2D 
is a side view from the side portion of the screw 
shaft; 

FIG. 3 is a developed perspective view of the return 
pipe; 

FIG. 4, including FIGs. 4A to 4D, shows details of 
an assembled return pipe of FIG. 3, in which FIG. 
4A shows a plan view of the return pipe, FIG. 4B is 
a side view of the return pipe viewed from the axial 
direction of the screw shaft FIG. 4C shows a side 
view of the return pipe viewed from a direction nor- 
mal to the axial line of the screw shaft, and FIG. 4D 
is a front view of the return pipe; 
FIG. 5 shows a developed view of the divided one 
part of the return pipe viewed from various direc- 
tions; 

FIG. 6,including FIGs. 6A and 6B, shows the detail 
of the divided two parts of the return pipe at a portion 
near the divided leg portions, in which FIG. 6A 
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shows a sectional view along the center line of the 
divided leg portion and FIG. 6B is a perspective 
view thereof; 

FIG. 7, including FIGs. 7 A and 7B, shows the return 
pipe and a mount hole formed on a nut member of 
the screw shaft, in which FIG. 7 A shows a conven- 
tional tube-type return pipe and FIG. 7B shows a 
return pipe according to the present invention; 
FIG. 8 is a perspective view showing another exam- 
ple of a circulation member of a ball screw of the 
present invention; 

FIG. 9 is a plan view showing a conventional ball 
screw; and 

FIG. 1 0, including FIGs. 1 0A and 1 0B, shows a con- 
ventional return pipe in a divided state, in which FIG. 
10A shows a divided state thereof and FIG. 10B 
shows a state mounted to the nut member. 

[0032] FIG. 1 shows a ball screw to which a circulation 
member according to one embodiment of the present 
invention is mounted. With reference to FIG. 1, a ball 
screw 8 comprises a screw shaft 9 having a spiral ball 
rolling groove 9a formed on its outer peripheral surface, 
a nut member 10 having a spiral loaded rolling groove 
10a formed on its inner peripheral surface so as to op- 
pose to the ball rolling groove 9a of the screw shaft 9 
and a number of balls 11, 11,—, 11 rolling in a passage, 
as loaded rolling passage, formed by the ball rolling 
groove 9a and the loaded rolling groove 10a. 
[0033] The nut member 10 is equipped with two, for 
example, return pipes 12 as circulation members or 
parts. The return pipe 1 2 constitutes a non-loaded return 
passage by connecting one and the other ends of the 
loaded rolling passage. The return pipe 12 provides ap- 
proximately a portal shape having a central portion 1 2a 
and a pair of leg portions 12b, 12b formed at both ends 
of the central portion 12a. The paired leg portions 12b, 
1 2b of the return pipe 1 2 are fitted into the loaded rolling 
passage at an interval of several pitches. Further, the 
return pipes 12, 12 are fixed to the nut member 10 by, 
for example, means of bolts 13. 

[0034] The screw shaft 9 is formed, on its outer pe- 
ripheral surface, with the ball rolling groove 9a through 
grinding or rolling working, so as to provide an approx- 
imately semi-circular cross section and a constant spiral 
lead. The nut member 1 0 has substantially a cylindrical 
shape and is provided with a flanged portion 14 at its 
one end surface for mounting the ball screw to a ma- 
chine or like. Further, as mentioned before, on the inner 
peripheral surface of the nut member 10 is formed the 
loaded rolling groove 1 0, having approximately semi-cir- 
cular cross section, so as to oppose to the ball rolling 
groove 9a of the screw shaft 9. The nut member 10 is 
also formed with a flat portion 15 by planing a portion of 
the upper surface of the nut member 10, and a several 
return pipe fitting holes into which the leg portions 12b, 
12b of the return pipes 12 are formed in this flat portion 
15. 



[0035] In a structure of the described embodiment of 
the present invention, a number of spacers 16, 16, — , 
1 6 are interposed between the respective adjacent balls 
11 , 11 so as to prevent the balls from contacting or col- 
s liding each other. The return pipe 12 according to the 
present invention is of course applicable to a ball screw 
provided with no such spacer. 

[0036] FIG. 2 includes views showing the relationship 
between the non-loaded return passage 17 formed in 

io the inner peripheral surface of the return pipe 12 and 
the spiral loaded rolling passage 1 8 formed on the screw 
shaft 9 of the ball screw. The outer configuration of the 
return pipe 12 is designated by two-dot chain line, the 
non-loaded return passage 17 is shown with solid line, 

*5 and the center line of a track of the ball in the loaded 
rolling passage 18 is shown with one-dot chain line. FIG. 
2A shows a state of the screw shaft 9 viewed from its 
axial direction, FIG. 2B is a plan view of the screw shaft 
9 from the upper side thereof, FIG. 2C shows a twisted 

20 state of the non-loaded return passage 1 7 and FIG. 2D 
is a side view from the side portion of the screw shaft 9. 
[0037] With reference to FIG. 2 (FIGs. 2A to 2D), the 
balls 1 1 roll on the spiral loaded rolling passage 1 8. Dur- 
ing such motion , at a time when the balls 1 1 are scooped 

25 along the tangential direction of this spiral loaded rolling 
passage 18, the ball change a direction in its own ad- 
vancing direction, any compulsory force is not applied. 
For this reason, center lines 19, 1 9 of the inner periph- 
eral surfaces of the paired leg portions 12b, 12b of the 

30 return pipe 12 are positioned, as shown in FIG. 2A, in 
the tangential direction of the loaded rolling passage 18 
and, as shown in FIGs. 2B to 2D, are inclined, with an 
angle a between them, in different directions from each 
other with the center line of the central portion 1 2a being 

35 the center thereof so as to correspond to the lead angle 
of the spiral loaded rolling passage 18. 
[0038] In the described embodiment, considering the 
smooth circulation of the balls 1 1 , the center line of the 
leg portion 12b is positioned in the tangential direction 

40 and inclined in the direction corresponding to the lead 
angle of the spiral loaded rolling passage 18. However, 
it may be possible not to be disposed in the tangential 
direction of the center line of the leg portion 12b and it 
is possible to be inclined at an angle smaller than the 

45 lead angle to prevent interference with the adjacent 
screw groove or it may be possible to be inclined at an 
angle larger than the lead angle. 

[0039] FIG . 3 is the developed perspective view of the 
return pipe 12 and FIG. 4 shows details of the assem- 

50 bled return pipe 12 of FIG. 3, in which FIG. 4A shows a 
plan view of the return pipe 12, FIG. 4B is the side view 
of the return pipe 12 viewed from the axial direction of 
the screw shaft 9, FIG. 4C shows the side view of the 
return pipe 1 2 viewed from a direction normal to the axial 

55 line of the screw shaft 9, and FIG. 4D is the front view 
of the return pipe 12. With reference to FIGs. 3 and 4, 
the return pipe 1 2 is divided into two parts approximately 
along the axial line thereof. In detail, the return pipe 12 
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is divided by a first division surface 21 including the cent- 
er line of the inner periphery of one leg portion 12b and 
the center line of the inner periphery of the central por- 
tion 1 2a and, different from this first division surface 21 , 
a second division surface 22 including the center line of 
the inner periphery of the other one leg portion 12b and 
the center line of the inner periphery of the central por- 
tion 12a. These first and second division surfaces 21 
and 22 are flat surfaces. 

[0040] When the return pipe 12 is molded in assem- 
bled mold halves , it may be necessary to design the 
return pipe such that the dividing surface lies on the 
center line of the circular cross section thereof in con- 
sideration of the mold-out process. As mentioned be- 
fore, since the paired leg portions 12b, 12b are inclined 
in the directions different from each other with respect 
to the central portion 1 2a, a staged portion 23 (a portion 
having difference in level) is formed at a position at 
which the first and second division surfaces 21 and 22 
intersect each other on the joining surfaces of the re- 
spective divided parts 20, 20 (which may mean herein 
parts to be divided 20, 20). The staged portion 23 is 
formed at substantially the central portion in the axial 
direction of the return pipe. Accordingly, the laterally 
paired divided parts 20, 20 provide the quite same 
shape, and the paired divided parts 20, 20 are combined 
through, such as, thermal calking, fusing or joining 
(bonding) process, or by using adhesive sheet or clip as 
coupling means. Further, the staged portion 23 formed 
on the joining surface may be formed with an arcuate 
portion. 

[0041] In the case where the return pipe 12 is formed 
by means of mold, it is general to mold a mold product 
by using mold halves which are openable in front and 
rear direction. Accordingly, if the joining surfaces of the 
divided parts 20, 20 of the return pipe 12 have twisted 
shapes, it is difficult to mold the divided parts 20, 20. On 
the contrary, according to the embodiment of the 
present invention, since the return pipe 12 is divided at 
the first and second division surfaces 21 and 22, the join- 
ing surfaces (surfaces to be joined) of the divided parts 
20, 20 will never be twisted, thus realizing the improved 
molding of the divided parts 20, 20. 
[0042] In the case where the divided parts 20, 20 of 
the return pipe 1 2 is formed by means of mold, the return 
pipe 12 can be formed from resin or metal material, 
which results in improved performance of the return pipe 
1 2 as well as cost merit. Moreover, it becomes also pos- 
sible to form the return pipe in different shape so as to 
be made thick at only a required portion such as direc- 
tion changing portion without making the even thickness 
at all the portion of the return pipe, thus being advanta- 
geous. Still furthermore, by utilizing the staged portion 
23, the respective divided parts 20, 20 can be easily cou- 
pled and positioned when assembled. 
[0043] Since the divided two parts 20, 20 have the 
same shape, the return pipe 1 2 can be formed by turning 
one of them by 180° and assembling it with the other 



one part, and furthermore, the paired divided parts 20, 

20 can be manufactured by using one set of mold 
halves, which also result in the decreasing of the initial 
manufacturing cost. 

5 [0044] In the described embodiment, the return pipe 
1 2 is formed from a resin product. As mentioned before, 
the resin pipe 12 may be formed of resin or metal ma- 
terial by using a mold. In the case of the metal product, 
it is molded by thermally treating metal powder, and the 
io metal product will provide a strength substantially iden- 
tical to that of a conventional metal tube. However, in 
the case where the return pipe 12 is formed of the metal 
material, as the return pipe 12 and the ball 11 will 
achieve the metal -to-metal contact, wearing will be 
15 caused and, hence, chip or like may be generated. In 
the loaded rolling passage 18, the balls 11,11, — carry 
out the rolling motion between the screw shaft 9 and the 
nut member 10, so that less wearing is caused and, 
hence, less chip, dust or like is generated. On the other 

20 hand, in the return pipe 12, the balls 11,11, — slide and 
somewhat roll, and accordingly, when the balls 11 are 
circulated at high speed, large load is applied to the di- 
rection changing passage of the return pipe 12 and, 
hence, wearing, or chip or dust will be caused, thus be- 

25 ing defective. Such defect can be suppressed by form- 
ing the return pipe 12 from the resin product. 
[0045] With reference to FIG. 5 showing one of the 
divided parts 20, 20 of the return pipe 12, the divided 
part 20 has the first division surface 21 and the second 

30 division surface 22, and the staged portion 23 is formed 
at the central portion in the axial direction thereof. This 
staged portion 23 is formed on each side of the non- 
loaded return passage 1 7. Scooping portions 25, 25 are 
molded to the front (free) end portions of the paired leg 

35 portions 12b, 12b, respectively, so as to contact and 
scoop the balls 11 rolling around the screw shaft 9 into 
the return pipe 12. These scooping portions 25, 25 are 
integrally formed on the respective divided parts 20, 20 
but are not divided by the first or second division surface 

40 21 or 22. That is, the first and second division surfaces 

21 and 22 brake off on the way of the leg portions 12b, 
12b respectively, and intersect leg portion division sur- 
faces 26, 26 normal to the center lines of the inner pe- 
ripheries of the leg portions 12b, 12b. The scooping por- 

45 tion 25 is thus formed in one of the divided leg portion 
12b. The leg portion 12b in which the scooping portion 
25 is not formed is cut off by the same plane as that of 
the leg portion division surface 26. As shown in FIGs. 3 
and 4, by assembling the two divided parts 20, 20, the 

50 scooping portions 25, 25 are formed in the paired leg 
portions 12b, 12b of the return pipe 12, respectively. 
[0046] FIG . 6 shows the detail of the divided two parts 
20, 20 of the return pipe 12 at a portion near the leg 
portion division surface 26 (i.e., joining surface) , in 

55 which FIG . 6A shows the sectional view along the center 
line of the leg portion 1 2b of the divided part 20 and FIG . 
6B is a perspective view thereof . On the leg portion di- 
vision surface 26 of the divided part 20 by which the 
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scooping portion 25 is not divided, a difference in level 
(staged portion) is caused due to such as dimensional 
error at the molding process or an error at the assem- 
bling process, and there may cause a fear of engaging 
the balls with such staged portion. For this reason, in 
order not to cause such difference in level, chamfering 
may be effected to one or both of the joining surfaces 
33, 33 of the two divided parts 20, 20. 
[0047] The scooping portion 25 contacts the ball 1 1 to 
scoop the ball 1 1 from the loaded rolling passage 1 8 into 
the return pipe 1 2. For this purpose, it is required for the 
scooping portion 25 to have a certain strength. Moreo- 
ver, in order to smoothly scoop the ball 11, it is also re- 
quired for the scooping portion 25 to have a high preci- 
sion in dimension. In such requirement, if the scooping 
portion 12b is formed in a divided manner to the divided 
two leg portions 12b, there Is a fear of causing a force 
to the scooping portion 25 to be opened by the contact 
of the ball 11 to the divided scooping portion 25, and 
moreover, the scooping portion 25 may itself provide the 
difference in level at the divided portions. According to 
the described embodiment, the scooping portion 25 is 
integrally formed in each of the divided parts 20, 20 and 
is not itself divided, so that the scooping portion 25 thus 
formed can provide high strength and high dimensional 
precision. Moreover, such scooping portion 25 may be 
utilized as a positioning member at the time of assem- 
bling the respective divided parts 20, 20 into the return 
pipe 12. 

[0048] The scooping portion 25 of the described em- 
bodiment has a shape such that a cut end (section) pro- 
vides a width gradually narrowed towards the inward of 
the return pipe 12, and the ball 11 can be scooped 
through the contact of both side portions of this cut end 
portion to the ball 1 1 . In addition, in this embodiment, as 
shown in FIG. 5, the scooping portion 25 is formed, at 
its root portion, with a tongue shaped projection 27, 
which acts to guide the spacer 1 6 disposed between ad- 
jacent two balls 11 , 1 1 . As mentioned above, since the 
scooping portion 25 has a complicated shape or config- 
uration, it is difficult to machine work the scooping por- 
tion 25. And, it is difficult to form the scooping portion 
25 by using only a laterally divided mold halves . Forthis 
reason, in this embodiment, the scooping portion 25 is 
molded by using a slide mold, not shown, enabling 
scooping portion 25 to slide in the axial direction of the 
leg portion 1 2b. More especially, the slide mold is insert- 
ed into a lateral pair of molds at the time of molding proc- 
ess, and next, under the inserted state, the scooping 
portion 25 is formed in the divided part 20. When the 
mold halves are separated, the slide mold is slid in the 
opposing direction to thereby take out the divided part 
20. By using the slide mold, not only the complicated 
scooping portion, but also the inner periphery of the leg 
portion can be molded or formed. 
[0049] Further, in the described embodiment, al- 
though the scooping portion 25 is not formed with any 
lip portion for scooping the ball 11 in contact thereto, it 



is of course possible to form a certain projection or like 
portion, such as lip, contacting and scooping the ball. 
[0050] Each of the divided parts 20, 20 of the return 
pipe 12 is integrally formed with a mount seat 29 (FIG. 
5 5). In a tubular return pipe of conventional structure 
formed through a bending working or like working, it is 
necessary to separately dispose a pressing part for 
pressing the return pipe to the nut member. In such re- 
turn pipe, however, even if the return pipe is pressed, 
there was caused a case that the return pipe might be 
rotated and when the return pipe is pressed with more 
large force to prevent such rotation, there was also 
caused a case that the return pipe might be crushed. 
According to the present invention, in this regard, since 
the mount seat 29 for mounting the return pipe 1 2 to the 
nut member 10 is integrally formed with each divided 
part 20, parts or members to be required for the ball 
screw can be significantly reduced, thus being advan- 
tageous especially in cost. The rotation of the return pipe 
12 can be also prevented. Furthermore, the return pipe 
1 2 will be mounted to the nut member 1 0 with easily ad- 
justable mount angle, and the scooping portion 25 can 
be hence suitably positioned in operation. 
[0051] With also reference to FIG. 5, a positioning pin 
31 is integrally formed on the first division surface 21 of 
each of the divided parts 20 of the return pipe 12 for 
mutually positioning the paired divided parts 20, 20, and 
on the other hand, a hole 32 to be fitted with the posi- 
tioning pin 31 is formed on the second division surface 
22 of each divided part 20. The positioning pin 31 and 
the fitting hole 32 serve to position the divided parts 20, 
20 in association with the staged portion 23 and the 
scooping portion 25 as mentioned above. 
[0052] FIG. 7 shows the return pipe 1 2 as the circula- 
tion member and a mount (mounting) hole 33 formed in 
the nut member 10, in which FIG. 7A shows a conven- 
tional tube-type return pipe and FIG. 7B shows the re- 
turn pipe 12 according to the present invention. With ref- 
erence to FIG. 7A, the leg portion 12b of the return pipe 
12 is inclined with respect to the central portion 12a 
thereof, and the leg portion 12b has the even thickness 
in its section . In such structure , the mount hole 33 for 
mounting the return pipe to the nut member 1 0 provides 
a slot shape on a plane. Such fact is not avoidable in its 
structure because the tube having a circular section is 
inserted into the nut member 1 0 in an oblique state. This 
mount hole 33 in slot shape is, for example, formed by 
horizontally sliding a blade having a circular section. 
However, in such hole forming method, there is a fear 
of being inclined by a resisting force to the blade at the 
time of horizontally moving the blade, which results in 
deterioration in working accuracy. In addition, there is 
also a fearthat a gap may be formed between the mount 
hole 33 and the return pipe 12 and any foreign sub- 
stance may be invaded into such gap. 
[0053] On the other hand, as shown in FIG. 7B, in the 
described embodiment, the inner periphery of the leg 
portion 12b of the return pipe 12 is inclined with respect 
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to the inner periphery of the central portion 1 2a thereof, 
but the outer periphery of the leg portion 12b is not in- 
dined with respect to the outer periphery of the central 
portion 12a. That is, the center lines of the paired leg 
portions 12b, 12b of the return pipe 12 are parallel to 
each other and the thickness of the leg portion 12b dif- 
fers in its circumferential direction at a cross section in 
the direction normal to the center line of the outer pe- 
riphery of the leg portion 1 2b. Thus , the outer peripher- 
ies of the paired leg portions 12b, 12b have each sub- 
stantially circular cross section. According to the de- 
scribed embodiment, the thickness of the leg portion 
12b differs in the circumferential direction on the cross 
section in the direction normal to the center line of the 
outer periphery of the leg portion 12b, irrespective of the 
inner peripheral shape of the leg portion 12b, the outer 
periphery of the leg portion 1 2b can be made to provide, 
for example, substantially circular section, whereby the 
mount hole 33 formed in the nut member 10 can accord 
with the outer shape of the return pipe 12 , for example, 
so as to provide substantially circular section. Thus, the 
mount hole 33 can be easily formed in the nut member 
10 with high precision. 

[0054] FIG. 8 represents another example of a circu- 
lation member for the ball screw. With reference to this 
example, a circulation member 43 as return pipe com- 
prises a pair of divided parts 40, 40 which are divided 
only by first and second division surfaces 41 and 42. A 
portion having difference in level as a staged portion 45 
is formed at a central portion 43a of the circulation mem- 
ber 43 by the first and second division surfaces 41 and 
42. In this example, a scooping portion 44 formed in the 
front end of each of the paired leg portions 43b, 43b is 
also divided into two parts by the first and second divi- 
sion surfaces 41 and 42. That is, the scooping portions 
44 are formed in a pair of leg portions 43b, 43b of the 
respective divided parts 40, 40 so as to provide each 
substantially semi-circular section, and the scooping 
portion 44 is itself formed by joining, i.e., assembling, 
the two divided parts 40, 40 for forming the circulation 
member 43 as the return pipe. 

[0055] Further, it is to be noted that the present inven- 
tion is not limited to the described embodiments and 
many other changes and modifications may be made 
without departing from the scopes of the appended 
claims. 

[0056] For example, a third division surface different 
from the first division surface, the second division sur- 
face and the leg portion division surface may be addi- 
tionally formed on the joining surfaces of the respective 
divided parts of the return pipe. The staged portion dif- 
ferent in level may be formed at a portion other than the 
central portion of the return pipe. In addition, the return 
pipe may be formed as a metal product as well as resin 
product. Furthermore, the ball screw of the described 
invention may be applied as a ball screw assembled to 
a driving unit. 



Claims 

1 . A circulation member of a ball screw for circulating 
a ball rolling on a spiral ball rolling groove formed 

5 on a screw shaft comprising: 

a central portion; and 

a pair of leg portions disposed at both ends of 
the central portion so as to extend therefrom, 

10 

wherein said leg portions have inner periph- 
eries having center lines inclined in directions dif- 
ferent from each other with respect to a center line 
of an inner periphery of the central portion and said 

1 5 circulation member is divided into two parts by first 
and second division surfaces, said first division sur- 
face lying on a plane including a center line of the 
inner periphery of one of the leg portions and the 
center line of the inner periphery of the central por- 

20 tion and said second division surface being different 
from said first division surface and lying on a plane 
including a center line of the inner periphery of the 
other one of the leg portions and the center line of 
the inner periphery of the central portion. 

25 

2. The circulation member of a ball screw according 
to claim 1 , wherein the center lines of the inner pe- 
ripheries of the paired leg portions are inclined with 
respect to the center line of the inner periphery of 

30 the central portion of the circulation member so as 
to correspond to a lead angle of the screw shaft. 

3. The circulation member of a ball screw according 
to claim 1 or 2, wherein said leg portions are dis- 
ss posed so that the center lines of the inner peripher- 
ies thereof are each positioned in a tangential di- 
rection of the spiral ball rolling groove. 

4. The circulation member of a ball screw according 
40 to any one of claims 1 to 3, wherein the divided two 

parts have joining surfaces on which a staged por- 
tion having difference in level is formed by the first 
and second division surfaces. 

45 5. The circulation member of a ball screw according 
to any one of claims 1 to 4, wherein said divided 
parts are molded products of resin. 



6. The circulation member of a ball screw according 
to any one of claims 1 to 5, wherein a free end por- 
tions of the paired leg portions are formed with 
scooping portions respectively which scope balls 
rolling on a periphery of the screw shaft by contact- 
ing the balls, the scooping portions are molded in- 
tegrally with the divided parts respectively, and 
each of the scooping portions is not divided by ei- 
ther one of the first and second division surfaces. 
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7. The circulation member of a ball screw according 
to any one of claims 1 to 5, wherein said circulation 
member is divided into two parts only by the first 
and second division surfaces. 

8. The circulation member of a ball screw according 
to any one of claims 1 to 7, wherein each of said 
divided parts is formed integrally with a mount seat 
for mounting the circulation member to a nut mem- 
ber of the ball screw. 

9. A circulation member of a ball screw for circulating 
a ball rolling on a spiral ball rolling groove formed 
on a screw shaft comprising: 

a central portion; and 

a pair of leg portions disposed at both ends of 
the central portion so as to extend therefrom, 
said leg portions having inner peripheries hav- 
ing center lines inclined in directions different 
from each other with respect to a center line of 
an inner periphery of said central portion, 

wherein said leg portions have outer periph- 
eries having center lines being parallel to each other 
and have thicknesses, different in circumferential 
directions thereof, at cross sections in directions 
normal to center lines of the outer peripheries of the 
respective leg portions. 

10. The circulation member of a ball screw according 
to claim 9, wherein the center lines of the inner pe- 
ripheries of the paired leg portions are inclined with 
respect to the center line of the inner periphery of 
the central portion of the circulation member so as 
to correspond to a lead angle of the screw shaft. 

11. The circulation member of a ball screw according 
to claim 9 or 10, wherein said leg portions are dis- 
posed so that the center lines of the inner peripher- 
ies thereof are each positioned in a tangential di- 
rection of the spiral ball rolling groove. 

12. A ball screw comprising; 

a screw shaft on which a spiral ball rolling 
groove is formed; 

a nut member having a spiral loaded rolling 

groove corresponding to the spiral ball rolling 

groove formed on the screw shaft; 

a number of balls rolling along a passage 

formed by the spiral ball rolling groove of the 

screwshaft and the spiral loaded rolling groove; 

and 

a circulation member formed for the screw shaft 
for circulating a ball rolling on the spiral ball roll- 
ing groove formed on the screw shaft, 
said circulation member comprising: 



a central portion; and 
a pair of leg portions disposed at both ends 
of the central portion so as to extend there- 
from, 

5 

wherein said leg portions have inner periph- 
eries having center lines inclined in directions dif- 
ferent from each other with respect to a center line 
of an inner periphery of the central portion, and said 

10 circulation member is divided into two parts by first 
and second division surfaces, said first division sur- 
face lying on a plane including a center line of the 
inner periphery of one of the leg portions and the 
center line of the inner periphery of the central por- 

15 tion and said second division surface being different 
from said first division surface and lying on a plane 
including a center line of the inner periphery of the 
other one of the leg portions and the center line of 
the inner periphery of the central portion. 

20 

13. A ball screw comprising: 

a screw shaft to which a spiral ball rolling 

groove is formed; 
25 a nut member having a spiral loaded rolling 

groove corresponding to the spiral ball rolling 

groove formed on the screw shaft; 

a number of balls rolling along a passage 

formed by the spiral ball rolling groove of the 
30 screw shaft and the spiral loaded rolling groove; 

and 

a circulation memberformed for the screw shaft 
for circulating a ball rolling on the spiral ball roll- 
ing groove formed on the screw shaft, 
35 said circulation member comprising: 

a central portion; and 
a pair of leg portions disposed at both ends 
of the central portion so as to extend there- 
to from, said leg portions having inner periph- 
eries having center lines inclined in direc- 
tions different from each other with respect 
to a center line of an inner periphery of the 
central portion, 

45 

wherein said leg portions have outer periph- 
eries having center lines being parallel to each other 
and have thicknesses, different in circumferential 
directions thereof, at cross sections in directions 
50 normal to center lines of the outer peripheries of the 
respective leg portions. 
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FIG. 6(A) FIG. 6(B) 
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